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SUMMARY 
The NASA Lewis Research Center suppor ts  a wide v a r i e t y  o f  research f a c i l i -  
t i e s  w i t h  many i s o l a t e d  b u i l d i n g s ,  i n c l u d i n g  wind tunne ls ,  t e s t  c e l l s ,  and 
research l a b o r a t o r i e s ,  as w e l l  as l a r g e  o f f i c e  b u i l d i n g s .  
These f a c i l i t i e s  are a l l  l oca ted  on a 350 acre campus-type environment 
ad jacent  t o  the  Cleveland Hopkins A i r p o r t .  The f u n c t i o n  of  NASA Lewis i s  t o  
do bas ic  and app l i ed  research i n  a l l  areas o f  aeronaut ics ,  f l u i d  mechanics, 
m a t e r i a l s  and s t ruc tu res ,  space p ropu ls ion ,  and energy systems. These func- 
t i o n s  r e q u i r e  a g rea t  v a r i e t y  o f  remote high-speed, high-volume data  communica- 
t i o n s  for computing and i n t e r a c t i v e  graph ic  c a p a b i l i t i e s .  I n  a d d i t i o n ,  new 
requirements for  l o c a l  d i s t r i b u t i o n  o f  i n t e r c e n t e r  v ideo te lecon fe renc ing  and 
da ta  communications v i a  s a t e l l i t e  have developed. 
To address these and f u t u r e  communications requirements for  the  nex t  
15 years,  a p r o j e c t  team was organized t o  des ign and implement a new h igh-  
speed communication system t h a t  would handle both da ta  and v ideo in fo rmat ion  
i n  a common lab-wide Local Area Network. 
The p r o j e c t  team se lec ted  cable t e l e v i s i o n  broadband coax ia l  cable tech- 
nology as the  communications medium and f i r s t  i n s t a l l a t i o n  o f  in-ground cable 
began i n  the  summer o f  1980. The Lewis In fo rma t ion  Network (LINK) became oper-  
a t i o n a l  i n  August 1982 and has become the backbone o f  a l l  data communications 
and v ideo a t  the  center .  
INTRODUCTION 
I n  the  f a l l  o f  1977 the  Computer S e r v i c e s  D i v i s i o n  o f  NASA Lewis formed a 
committee to study network requirements a t  NASA Lewis and to recommend a 
f u t u r e  d i r e c t i o n .  
Lewis '  Computer Serv ices D i v i s i o n ,  and Roger Schul te  served as the  commit tee's 
chai  rman. 
The committee was comprised o f  rep resen ta t i ves  of  NASA 
The need for growth i n  many areas o f  da ta  communications a t  NASA Lewis 
was the  impetus for  the committee. 
inadequate i n  t e r m s  o f  data r a t e s  and number o f  p a i r s  a v a i l a b l e ,  and the  
sw i t ch ing  capac i t y  o f  t h i s  network had been exceeded. Demands for  high-speed 
data a c q u i s i t i o n  from remote t e s t  f a c i l i t i e s  for  process ing on the  c e n t r a l  com- 
puters  were inc reas ing .  The number o f  computer te rm ina ls  was growing r a p i d l y ,  
and the  newer i n t e r a c t i v e  te rm ina ls  supported h ighe r  data r a t e s  than the  p r e v i -  
ous te rm ina ls .  Another major concern was the  i n t r o d u c t i o n  o f  remote i n t e r a c -  
t i v e  g raph ics  systems r e q u i r i n g  bandwidths o f  up t o  1 .5  MHz. 
The e x i s t i n g  tw is ted -pa i r  da ta  cables were 
By e a r l y  1977, the  growing requirements f o r  high-volume, high-speed 
access t o  m u l t i p l e  processors from a l l  p o i n t s  o f  the  f a c i l i t y  made i t  obvious 
t h a t  a high-speed common bus network was necessary. The t e r m  bus i m p l i e s  a 
communications pa th  t h a t  p rov ides  a way fo r  da ta  to  ge t  from any p o i n t  on the  
cable t o  any o t h e r  p o i n t  on t h e  cable.  
A l l  these areas o f  concern were represented on the  Network Committee. 
Those concerns a l s o  inc luded da ta  a c q u i s i t i o n ,  computer te rmina l  communica- 
t i o n s ,  and computer g raph ics .  The pr imary  tasks o f  the  committee were t h e  
de terminat ion  o f  c u r r e n t  and f u t u r e  network requirements a t  NASA Lewis and the  
s e l e c t i o n  o f  technology t h a t  cou ld  meet or exceed the  requirements f o r  t h e  
n e x t  15 years.  
INITIAL REQUIREMENTS 
When the  Network Committee completed i t s  work, a p r o j e c t  team was formed, 
and the  implementat ion o f  the  Lewis In fo rmat ion  Network (LINK) began. 
t i a l  requirements for the  LINK s y s t e m  are  descr ibed i n  the  f o l l o w i n g  sec t ions  
and a r e  shown i n  f i g u r e  1. 
The i n i -  
Low-Speed (Escor t  11) Data A c q u i s i t i o n  
T h i r t y  D i g i t a l  Equipment Corp. ( D E 0  minicomputers i n  t h e  PDP/11 f a m i l y  
serve as c e n t r a l i z e d  data-reduct ion machines for  experiments conducted through- 
o u t  t h e  f a c i l i t y .  Data sent t o  these machines i s  then forwarded to  two PDP 
11/34 minicomputers s e r v i n g  as data c o l l e c t o r s  and to the  l a r g e  I B M  3033 
(S/370> h o s t  computer. Th is  i n t e r f a c i n g  r e q u i r e d  a common bus system such 
t h a t  any g iven computer cou ld  exchange i n f o r m a t i o n  w i t h  any o t h e r  computer, 
l a r g e  or smal l ,  and s t o r e  da ta  i n  e i t h e r  data c o l l e c t o r  computer o r  t h e  l a r g e  
hos t  computer. The da ta  t r a n s f e r  was asynchronous and a t  9600 b i t s / s e c .  
High-speed (Escor t  111) Data A c q u i s i t i o n  
The DEC minicomputers, l o c a t e d  remote ly  i n  t e s t  c e l l  areas, needed 
high-speed access t o  severa l  DEC VAX computers loca ted  i n  the  c e n t r a l  computer 
area. 
and graphics were needed. The da ta  r a t e s  des i red  were a t  l e a s t  1 megabi t lsec,  
synchronous. 
There was a l a r g e  volume o f  da ta  t r a f f i c ,  s ince r e a l - t i m e  c a l c u l a t i o n s  
Computer Terminal Support 
Pr ior  t o  the  LINK system, the  computer te rmina l  popu la t ion  a t  NASA Lewis 
was cons t ra ined by the  c a p a b i l i t i e s  of the Gandalf e l e c t r o n i c  sw i tch  which con- 
nected these t e r m i n a l s  t o  t h e  l a r g e  h o s t  computers. The Gandalf s w i t c h  was 
l i m i t e d  i n  c a p a c i t y  to  256 te rmina l  connect ions to  128 var ious  computer p o r t s .  
The computer te rmina l  requirements f o r  the Local Area Network (LAN) were 
d e f i n e d  as the  c a p a b i l i t y  o f  suppor t ing  up to  2000 te rmina ls  w i t h  charac ter  
r a t e s  o f  from 120 t o  960 charac ters lsec  (1200 t o  9600 b i t s / s e c ) .  
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An a d d i t i o n a l  requi rement  was t h a t  any computer te rmina l  a t  NASA Lewis 
cou ld  s e l e c t  any o f  t h e  h o s t  computers, a gateway to  e x t e r n a l  networks 
o t h e r  computer te rmina l  a t  NASA Lewis as i t s  d e s t i n a t i o n .  I n  t h i s  e s t  
computer t e r m i n a l s  inc luded n o t  o n l y  t h e  t y p i c a l  v i d e o  d i s p l a y  termina 
b u t  a l s o  hardcopy te rmina ls ,  asynchronous p r i n t e r s ,  personal  computers 
processors,  and s i m i l a r  dev ices.  
or any 
mate, 
(VDT),  
word 
I n t e r a c t i v e  Graphics 
Some 60 Tek t ron ics  s torage tube graph ics  t e r m i n a l s  ( s i m i l a r  t o  VDTs)  a l s o  
r e q u i r e d  asynchronous communications a t  da ta  r a t e s  o f  up t o  9600 b i t s / s e c .  I n  
a d d i t i o n ,  t h e  I n t e r a c t i v e  Computer Aided Research ( I C A R E )  o f f i c e  was estab- 
l i s h e d  for t h e  development o f  i n t e r a c t i v e  graphics t o  support  a n a l y t i c a l  stud- 
i e s ,  mathematical modeling, and computer-aided des ign and computer-aided 
eng ineer ing  (CAD/CAE). 
The graphics equipment had t o  be l o c a t e d  i n  the  b u i l d i n g  w i t h  the  t e s t  
f a c i l i t i e s  and the  user o f f i c e s ;  t h i s  was a pr ime requirement.  
r a t e s  o f  1 megabit lsec over  a 2-mi le r a d i u s  were mandatory i n  o r d e r  t o  prov ide  
t r u e  loca l -connect ion responsiveness w i t h  complete i n t e r a c t i v i t y  and the  a b i l -  
i t y  t o  cont inuous ly  update screens. 
High da ta  
Video Support 
Al though v ideo suppor t  was n o t  an i n i t i a l  requirement o f  the  LINK system, 
t h e  f i n a l  s e l e c t i o n  o f  c o a x i a l  cable as the  communication medium made i t  e v i -  
dent  t h a t  many v ideo a p p l i c a t i o n s  cou ld  develop once the  LINK system was i n  
p lace .  S t a f f  p resenta t ions  by the  D i r e c t o r  o f  Lewis, as w e l l  as by v i s i t i n g  
d i g n i t a r i e s ,  cou ld  be g iven once ins tead of several  t imes through remote  TV 
mon i to rs .  I n s t r u c t i o n a l  o f f e r i n g s  and miss ion  coverage could be broadcast 
throughout  t h e  f a c i l i t y ,  and t h e  system cou ld  a l s o  be used for  v ideo moni tor -  
I ng by s e c u r i t y .  
Selection o f  Technology 
A f t e r  much c a r e f u l  s tudy and many site v i s i t s ,  broadband c o a x i a l  cable 
technology was se lec ted  f o r  NASA Lewis '  LAN. 
to  t h r e e  c h a r a c t e r i s t i c s  o f  t h i s  technology: 
Pr imary c o n s i d e r a t i o n  was g iven 
(1)  wide bandwidth (40 to  300 MHz) a v a i l a b l e  through the  network 
(2) simultaneous use o f  se lec ted  channels for many d i f f e r e n t  func t ions  
( 3 )  industry-proven, c o s t - e f f e c t i v e  technology 
LINK SYSTEM ARCHITECTURE AND DESIGN 
The LINK system i s  c l a s s i f i e d  as a dual  coax ia l  cable broadband network.  
The network serves the  NASA Lewis campus as a common i n f o r m a t i o n  bus. 
i n f o r m a t i o n  i n  the  system i s  a v a i l a b l e  to  any user anywhere i n  the  f a c i l i t y  
who has t h e  appropr ia te  bus i n t e r f a c e  dev ice.  
A l l  
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Data moves w i t h i n  t h e  cable system as modulated r a d i o  frequency (RF) 
waves. Each dev ice connects through i t s  i n t e r f a c e  u n i t  t o  cables for  outbound 
da ta  t r a f f i c  (da ta  t o  be rece ived by devices a t tached to  the  network) and for  
inbound da ta  t r a f f i c  (da ta  t r a n s m i t t e d  by devices a t tached to t h e  network).  
The inbound cab le  and outbound cab le  connect a t  t h e  headend. I t  i s  a t  
the  headend t h a t  inbound da ta  i s  exchanged for  outbound da ta  and v i c e  versa. 
Each dev ice  on t h e  i n f o r m a t i o n  bus can bo th  r e c e i v e  and t r a n s m i t  data.  
The network i s  broadband, and i t  makes use o f  the  c a p a b i l i t y  o f  the  
c o a x i a l  cable t o  t r a n s m i t  a wide range o f  e lect romagnet ic  f requenc ies .  
LINK system uses f requenc ies  from 40 to  300 MHz. 
used by VHF t e l e v i s i o n ,  FM r a d i o ,  and f i x e d  and mobi le  government communica- 
t i o n s  ( t h e  e q u i v a l e n t  o f  42 t e l e v i s i o n  channels) .  
The 
That i s  rough ly  t h e  range 
Var ious groups o f  devices on t h e  network a re  assigned s p e c i f i c  ranges o f  
This  a l lows the  LINK system t o  sup- f requencies,  or channels, for t h e i r  use. 
p o r t  m u l t i p l e  d i s t i n c t  subnetworks on one common cable system. Subnetworks 
o p e r a t i n g  on d i f f e r e n t  channels may a l s o  be connected t o  each o t h e r  through 
t h e  use o f  devices c a l l e d  br idges.  
Some subnetworks r e q u i r e  the  use o f  a d i f f e r e n t  channel for  inbound and 
outbound t r a f f i c ;  they t r a n s m i t  on one frequency and r e c e i v e  on another .  
these subnetworks, the  headend must s h i f t  f requencies and n o t  j u s t  connect 
cables.  C u r r e n t l y ,  t h e  LINK system assigns d i f f e r e n t  ranges o f  f requencies to  
computer te rmina l  support ,  da ta  a c q u i s i t i o n ,  graphics,  and v ideo.  The f r e -  
quency band a l l o c a t e d  t o  each use i s  rough ly  p r o p o r t i o n a l  to  t h e  r a t e  o f  da ta  
t r a n s f e r  r e q u i r e d  for t h a t  a p p l i c a t i o n .  
For 
Network Media and I n t e r f a c e  Devices 
The p h y s i c a l  cable network i s  based on t h e  standards and p r a c t i c e s  o f  com- 
merc ia l  cable t e l e v i s i o n  (CATV) technology. The c o a x i a l  cable,  connectors,  
taps ,  a m p l i f i e r s ,  and power sources used i n  the  LINK system are  t h e  type used 
i n  t h e  CATV i n d u s t r y  today. The d i v i s i o n  o f  t h e  c a b l e ' s  range o f  t r a n s m i t t a -  
b l e  f requenc ies  i n t o  bands f o r  s p e c i f i c  uses was a l s o  evolved from t h e  CATV 
I n d u s t r y .  CATV standards,  i n c l u d i n g  those for s i g n a l  s t r e n g t h  and no ise  
l e v e l ,  a l s o  app ly  to  the  LINK system. 
i n  the  appendix of t h i s  document. 
The a p p l i c a b l e  standards are  inc luded 
From the  headend i n  t h e  Lewis Research Ana lys is  Center, t h e  i n t e r b u i l d i n g  
t r u n k  network s t r e t c h e s  o u t  t o  loop through and in te rconnect  47 b u i l d i n g s  a t  
NASA Lewis. There are t h r e e  major legs  o f  t h e  cable system. Underground 
ducts  connect ing the  n o r t h ,  south, and west legs  r u n  between t h e  b u i l d i n g s  and 
house t r u n k  cables.  The t r u n k  cables te rmina te  a t  s e r v i c e  entrances i n  each 
of the  b u i l d i n g s .  Power supp l ies  and u n i d i r e c t i o n a l  a m p l i f i e r s ,  which are t h e  
a c t i v e  components o f  the  network, a re  a l s o  loca ted  i n  t h e  s e r v i c e  entrances. 
F igure  2 shows the  geographic and l o g i c a l  l a y o u t  o f  the  cable.  
The s e r v i c e  entrance i s  the  p o i n t  a t  which branches s p l i t  from the  t r u n k  
cables.  
may prov ide  the  d i s t r i b u t i o n  for t h e  network through t h a t  b u i l d i n g .  
the  b u i l d i n g s ,  the  cables are tapped us ing  standard, m u l t i c o n n e c t i o n  CATV 
These branches may extend on to  another group of  b u i l d i n g s  or they 
W i t h i n  
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taps--one each on the  inbound and outbound cables.  
smal le r  cables se rv i ce  w a l l  o u t l e t s .  
From the  taps, p a i r s  o f  
Two s izes o f  cab le  a re  used. A 1 /2- in .  ha rd - l i ne  i s  used f o r  the  t r u n k  
cables, and a 1 /4 - i n .  RG-6 i s  used a t  the w a l l  o u t l e t s .  
a separate cable j a c k  for  bo th  inbound and outbound use. When the  o u t l e t s  are 
n o t  a t tached to  an i n t e r f a c e  u n i t ,  they  are capped t o  p r o t e c t  t he  network from 
spur ious s igna ls  and to  p rov ide  proper te rm ina t ion .  
The i n t e r f a c e  devices connect da ta  te rm ina l  equipment t o  the  d i s t r i b u t i o n  
network and p a r a l l e l  t he  f u n c t i o n s  o f  modems i n  o t h e r  da ta  communication c i r -  
cumstances. These devices i n c l u d e  d i g i t a l  communication bus i n t e r f a c e  u n i t s ,  
c a l l e d  e i t h e r  bus i n t e r f a c e  u n i t s  ( B I U )  or network i n t e r f a c e  u n i t s  ( N I U ) ;  h igh- 
speed d i g i t a l  modems us ing  T1 or V.35 p r o t o c o l s  t h a t  handle da ta  t r a n s f e r  on a 
ded ica ted  p o i n t - t o - p o i n t  bas is ;  and t e l e v i s i o n  channel modulators t h a t  i n t e r -  
f ace  v ideo cameras and o t h e r  s igna l  sources. 
Each w a l l  o u t l e t  has 
Frequency A l l o c a t i o n  Wi th in  the LINK System 
The c u r r e n t  f requency a l l o c a t i o n  w i t h i n  the  LINK system i s  shown i n  f i g -  
u r e  3. The broadband network supports channels for  computer te rm ina l  support  
(SYTEK), da ta  a c q u i s i t i o n  (Escort I 1  and III), graph ics  (ADAGE), t e l e v i s i o n ,  
and gener ic  o f f i c e  automation (Lewis I n f o r m a t i o n  Management System). 
c i e s  are a v a i l a b l e  f o r  o t h e r  subnetworks, such as t h a t  for  Wang o f f i ce  equip- 
ment. 
network p ro toco l  s ,  such as DEC 's  DECNETIEthernet and I B M '  s SNA/SDLC. 
Frequen- 
C u r r e n t l y ,  c o n s i d e r a t i o n  i s  be ing  g iven t o  adding assignments for  o t h e r  
The inbound and outbound a l l o c a t i o n s  d i f f e r  f o r  several  reasons. Some 
devices, such as the  System 370 mon i to r  v ideo channel, are o u t p u t  o n l y .  Other 
subnetworks are e s s e n t i a l l y  p o i n t - t o - p o i n t  and r e q u i r e  p a i r e d  o r i g i n a t e  and 
answer f requenc ies  for  t h e i r  modems t o  f u n c t i o n .  
Computer Terminal Support 
NASA Lewis has several  host computers which can be reached through t h e  
LINK system. 
Amdahl 5840 (VM), an Amdahl 5840 (MVS), and a c l u s t e r  o f  DEC V A X ' s .  NASA 
Lewis '  Cray X-MP i s  accessed through the  I B M  3033 and the Amdahls. 
n a l ,  or computer, capable of  asynchronous A S C I I  communications can be used to  
access any, or a l l ,  o f  these hosts .  
Those hos t  computers i nc lude  an I B M  3033, an I B M  4341, and 
Any te rm i -  
The te rm ina ls  and hos t  computers a t t a c h  t o  the  LINK system through a 
BIU--in t h i s  case a SYTEK LocalNet packet communication u n i t  (PCU). 
PCU's are i n t e l l i g e n t ,  f requency-ag i le ,  r a d i o  f requency modems. They are 
sof tware-conf igured to  support  t he  da ta  hand l i ng  and f low c o n t r o l  o p t i o n s  
r e q u i r e d  by the d i ve rse  te rm ina l  types supported w i t h i n  the  LINK system. 
These 
Each modem has a unique address and two or more p o r t s  for te rm ina l  a t tach -  
ment. A terminal  has a unique address comprised o f  i t s  modem's address and 
the  modem p o r t  number t o  which i t  i s  at tached. 
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The SYTEK f requency a l l o c a t i o n  i s  a 6-MHz band d i v i d e d  i n t o  15, 400-kHz 
channels. Each hos t  i s  accessed on a p a r t i c u l a r  channel. Terminals l o c a t e d  
on d i f f e r e n t  channels can communicate w i t h  each o t h e r  through a SYTEK b r i d g e .  
The SYTEK b r i d g e  rece ives  a message on one channel and r e t r a n s m i t s  i t  on 
another,  b r i d g i n g  the  gap between two channels. 
I f  necessary, hos t  access may a l s o  i n c l u d e  p r o t o c o l  convers ion.  For exam- 
p l e ,  users can c a l l  a p o r t  on an I B M  Ser ies-1 f o n t  end, which conver ts  t h e i r  
te rmina l  I s asynchronous A S C I I  p r o t o c o l  to  I B M  3270 SNAISDLC p r o t o c o l  and 
passes the  converted t ransmiss ion  t o  the  I B M  or Amdahl hos t .  
Other devices f a c i l i t a t e  the  o p e r a t i o n  o f  the  computer te rmina l  suppor t  
A l o g i c a l  headend conver ts  inbound da ta  on one p o r t i o n s  o f  t h e  LINK s y s t e m .  
f requency to  outbound da ta  on another frequency. A network c o n t r o l  cen ter  pro- 
v ides a way t o  conf igure and c o n t r o l  the  network and, i n  con junc t ion  w i t h  a 
s t a t i s t i c a l  mon i to r ,  a s s i s t s  i n  the  management and o p t i m i z a t i o n  o f  t h e  ne t -  
work. A l l  o f  these devices,  as w e l l  as t h e  PCU, a re  v e r s a t i l e ,  microcomputer- 
c o n t r o l l e d  t o o l s .  
A te rmina l  user can c a l l  a remote dev ice us ing  t h a t  dev ice 's  u n i t  i d e n t i -  
f i e r .  The u n i t  1.D.s o f  the  h o s t  computers are publ ished,  w h i l e  the  addresses 
o f  o t h e r  u n i t s  a re  exchanged or made a v a i l a b l e  on a need-to-know b a s i s .  
SYTEK modems e s t a b l i s h  a connect ion through the  LINK system, and da ta  can f low 
b i d i r e c t i o n a l l y  between the  c a l l i n g  and c a l l e d  devices,  us ing  asynchronous 
A S C I I  t ransmiss ions w i t h  convent ional  E I A  or XON/XOFF flow c o n t r o l .  
The 
C u r r e n t l y  the  LINK SYTEK subsystem supports 800 te rmina ls ,  i n c l u d i n g  
approx imate ly  400 personal  computer works ta t ions .  Newer uses o f  the  LINK sys- 
tem i n c l u d e  personal  computer-to-personal computer f i l e  t r a n s f e r  and LINK-wide 
b u l l e t i n  boards. 
A b i g  advantage o f  the  LINK system common bus network i s  w o r k s t a t i o n  
m o b i l i t y .  
support ,  m i l e s  of d i r e c t ,  dedicated w i r i n g  must be r u n  back to  the  d a t a  swi tch ,  
c o n t r o l l e r ,  or computer. 
I n  p o i n t - t o - p o i n t  communications such as t h e  Gandalf or I B M  3270 
With a c o m n  bus system, t h e  r e l o c a t i n g  of a w o r k s t a t i o n  r e q u i r e s  noth- 
i n g  more than d isconnect ion  from the  LINK w a l l  o u t l e t  i n  one l o c a t i o n  and 
reconnect ion i n  another l o c a t i o n .  This  a p p l i e s  for a l l  LINK serv ices ,  e.g., 
te rmina l  support ,  graphics,  da ta  a c q u i s i t i o n ,  and v ideo.  To achieve t h i s  capa- 
b i l i t y ,  the  LINK system has f u l l  c o n n e c t i v i t y :  
w a l l  o u t l e t  i n  every o f f i c e  o f  every s t a f f e d  b u i l d i n g .  
t h e r e  i s  a t  l e a s t  one LINK 
Gateway I n t e r f a c i n g  
A major component o f  the  NASA Lewis LINK Local Area Network i s  a 
gateway i n t e r f a c e  t o  e x t e r n a l  communication f a c i l i t i e s .  Th is  gateway 
face prov ides bo th  inbound and outbound l i n k s  w i t h  remote  computers v 
d i r e c t - d i s t a n c e  d i a l  te lephone l i n e s ,  commercial network ing serv ices ,  
eventua l l y ,  NASA's  Program Support Communications Network (PSCN) f o r  
t e r  sate1 1 i t e  communications. 
common 
i n t e r -  
a 
and, 
n tercen- 
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The LINK system a r c h i t e c t u r e  i s  s u i t a b l e  for  use w i t h  gateways. The gate- 
way concept i s  a l s o  used t o  p r o v i d e  a connect ion between t h e  LINK s y s t e m  and 
i t s  predecessor network, t w i s t e d - p a i r  w i r i n g ,  modems, and an assoc ia ted  Gan- 
d a l f  da ta  swi tch.  The r e l a t i o n  of computer te rmina l  users t o  t h e  gateway i s  
shown i n  f i g u r e  4. 
The f i r s t  implementat ion o f  an e x t e r n a l  gateway i n t e r f a c e  as a p a r t  o f  
the  LINK system was i n  June 1983. A da ta  connect ion can be made from any NASA 
Lewis computer te rmina l  t o  a remote hos t  computer by u s i n g  l o c a l  or long- 
d is tance telephone l i n e s  or by accessing NASA Lewis '  Te lenet  TP 4052 processor 
t o  g e t  i n t o  t h e  commercial Te lenet  network. 
Remote computer te rmina l  users can access NASA Lewis '  computers and have 
the  same c a p a b i l i t i e s  as a l o c a l  computer te rmina l  user,  u s i n g  e i t h e r  inbound 
telephone l i n e s  or the  Telenet  network. 
system has been r e s t r i c t e d  pending i n s t a l l a t i o n  o f  an i n t e l l i g e n t  f ron t -end 
dev ice t o  ensure s e c u r i t y .  
However, nbound access t o  the  LINK 
A te rmina l  user accesses the  gateways by c a l l  ng a s p e c i f i c  SYTEK u n i t  i n  
the  network. 
the  Telenet  TP 4052 telecommunications processor,  one o f  a bank o f  Rixon 
au to-d ia l  modems, or the Gandalf da ta  s w i t c h  t h a t  c o n t r o l s  what s t i l l  e x i s t s  
o f  the  t w i s t e d - p a i r  data network. 
user t o  s e l e c t  the des i red  system. 
s i m i l a r  procedure t o  access the  l i n e s  t h a t  p rov ide  them w i t h  a gateway i n t o  
t h e  LINK system. 
The Telenet  gateway prov ides  d i r e c t  connect ions t o  Marshal l  Space F l i g h t  
Center i n  H u n t s v i l l e ,  Alabama, and to  NASA Headquarters i n  Washington, D.C., 
as w e l l  as access t o  remote serv ices  through the  Telenet  X.25 packet  network. 
Other NASA and c o n t r a c t o r  s i t e s  a r e  common d e s t i n a t i o n s ,  as i s  t h e  Telemai l  
network system i n  Vienna, V i r g i n i a .  The Rixon gateway prov ides access through 
Ohio B e l l  to  o t h e r  systems n o t  on Telenet .  
Depending on the  des i red  d e s t i n a t i o n ,  t h i s  i s  connected t o  e i t h e r  
The accessed gateway dev ice then a l lows the  
Users on a Gandalf network te rmina l  use a 
Data A c q u i s i t i o n  
The LINK system prov ides communication serv ices  for two Lewis-wide data- 
a c q u i s i t i o n  systems--Escort I1  and Escor t  111. 
ized,  on-1 i n e  da ta  r e d u c t i o n / c o l  l e c t i o n  and storage of  in fo rmat ion  generated 
d u r i n g  t e s t s  and experiments conducted a t  numerous s i t e s  a t  NASA Lewis. 
Escor t  I11 performs s i m i l a r  f u n c t i o n s  for t e s t  s i t e s  t h a t  c r e a t e  l a r g e r  amounts 
o f  da ta  and g e n e r a l l y  r e q u i r e  some rea l - t ime a n a l y s i s  of  the  data.  F igure  1 
g r a p h i c a l l y  demonstrates how these da ta  a c q u i s i t i o n  systems make use o f  the  
LINK system. 
Escor t  I1  prov ides  c e n t r a l -  
Escor t  I 1  data o r i g i n a t e s  a t  remote t e s t  s i t e s  as t h e  analog o u t p u t  o f  
var ious  sensors. A f t e r  process ing by ana log- to -d ig i ta l  conver tors ,  the  raw, 
d i g i t a l i z e d  da ta  passes through a network o f  t w i s t e d - p a i r  w i r i n g  and t h e  
Gandalf da ta  swi tch  t o  one of  a group o f  30 PDP 11/34 processors i n  the  Lewis 
Research Ana lys is  Center. These machines perform c e n t r a l i z e d  da ta  r e d u c t i o n ,  
us ing  programs personal ized for  t h e  p a r t i c u l a r  type o f  experiment be ing  
conducted. 
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Data r a t e s  between the  remote s i t e s  and the  PDP 11/34 processors a r e  9600 
baud or l e s s .  Two o f  the  Esco r t  I 1  t e s t  s i t e s  a re  connected t o  the POP 11/34 
processors v i a  the LINK system, us ing  D i g i t a l  Communications Corpora t ion  (DCC) 
BIUs. 
Each PDP 11/34 data-reduct ion computer i s  a l s o  connected t o  the  LINK sys- 
tem through a BIU. Th is  LINK system access i s  used t o  pass d a t a  t o  two PDP 
11/44 d a t a - c o l l e c t i o n  computers. 
another LINK system BIU connect ion and a d i r e c t  9600-baud, IBM bisynchronous 
l i n k .  Another assoc iated device,  t he  c lock/barometer u n i t ,  a l s o  i n t e r f a c e s  
v i a  the  LINK system to  bo th  t h e  d a t a - c o l l e c t i o n  and data-reduct ion computers. 
Data i s  passed t o  the  I B M  3033 by way o f  
The DCC BIU i s  s i m i l a r  t o  t h e  SYTEK PCU and i s  addressable and suppor ts  a 
da ta  r a t e  of 9600 baud. I t  uses a d i f f e r e n t  f requency band than t h e  SYTEK sub- 
network and supports a l a r g e r  b l o c k  s i z e  than NASA Lewis '  SYTEK subnetwork cur-  
r e n t l y  a l l o w s .  I t  i s  the  l a t e r  c h a r a c t e r i s t i c  t h a t  precludes the  use o f  the  
SYTEK subnetwork for  th i s  purpose. 
The Esco r t  I11 t e s t  s i t e s  i n c l u d e  PDP 11/34 processors which p r o v i d e  
o n - s i t e  computat ional  support .  These remote PDP 11/34 processors a r e  connected 
t o  t h e  LINK system through Comtech 1-megabit r a t e  V.35 Frequency D i v i s i o n  
M u l t i p l e x  modems and through p o r t s  o f  SYTEK PCUs. 
sors r e c e i v e  t h e  p a r t i a l l y  reduced da ta  from the  LINK system by  way o f  the  
V.35 modems and the  SYTEK subnetwork. These processors perform persona l ized  
r e a l - t i m e  ana lys i s ,  as r e q u i r e d  by a p a r t i c u l a r  t e s t ,  and t r a n s m i t  t h e  r e s u l t s  
o f  t h i s  a n a l y s i s  back to  the  t e s t  s i t e  computer and te rm ina ls  v i a  t h e  LINK 
sys tem. 
Several VAX 11/780 proces- 
The VAX 11/780 processors a l s o  fo rward  the  da ta  to  PDP 11/44 data- 
c o l l e c t i o n  processors and to  the  IBM 3033 through DCC BIUs and the  LINK sys- 
tem, u s i n g  t h e  same methods as Esco r t  11. The VAX 111780 a l s o  has access t o  
the  same clock/barometer u n i t  used by Esco r t  X I .  
The DCC BIU connect ions use t h e  same frequency band as Esco r t  11. The 
Esco r t  I11 V.35 modems operate i n  a po in t - to -po in t  mode, u s i n g  s p e c i f i c ,  p a i r e d  
f requenc ies  for  t ransmiss ion and recep t ion .  
Frequency A l l o c a t i o n  Char t  ( f i g .  3) as narrow l i n e s  r a t h e r  than the  bands rep- 
r e s e n t i n g  the  channels used by t h e  SYTEK PCUs and the DCC BIUs. 
These f requencies appear on the  
Graphics Support 
Graphics users a t  NASA Lewis u t i l i z e  several  types o f  te rm ina ls ,  b u t  p r i -  
m a r i l y  u'se ADAGE and Tek t ron i x  te rm ina ls .  
t he  IBM 3033 and Cray X-MP a r e  access ib le  by te rm ina l  users through d i r e c t  com- 
mands or through FORTRAN subrout ines.  The method by which t h e  g raph ic  se rv i ces  
a r e  accessed v a r i e s  w i t h  the t ype  o f  te rm ina l  used. 
The f a c i l i t y ' s  g raph ic  se rv i ces  on 
Tek t ron ix  users access t h e  hosts  over  the  LINK system through the  SYTEK 
subnetwork or, where the  LINK system cables have not been a c t i v a t e d ,  through 
t w i s t e d - p a i r  cables and modems r o u t e d  v i a  the Gandalf sw i t ch  w i th  maximum da ta  
r a t e s  of  9600 or 19200 b i t s l s e c .  
The ADAGE equipment r e q u i r e s  much h ighe r  da ta  r a t e s .  ADAGE 4201 c o n t r o l  
u n i t s  a t t a c h  d i r e c t l y  t o  an I B M  by te-mul t ip lexor  channel. A l l  c o n t r o l  u n i t s  
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a t  NASA Lewis are i n  t h e  Research Ana lys i s  Center.  Each c o n t r o l  u n i t  can sup- 
p o r t  one t o  f o u r  l o c a l  or remote te rm ina l  c l u s t e r s .  C l u s t e r s  c o n s i s t  o f  a con- 
t ro l  s t a t i o n  and up to t h r e e  o t h e r  d i s p l a y  s t a t i o n s .  
s t a t i o n s  support  e i t h e r  two-dimensional or three-dimensional g raph ics  
p resen ta t i ons .  
Var ious models o f  these 
The da ta  r a t e  between the  ADAGE c o n t r o l  u n i t s  and remote c l u s t e r s  i s  
1.544 megabits/sec which i s  t h e  T-1 da ta  r a t e .  The l o c a l  c l u s t e r  i s  a t tached 
to  the c o n t r o l  u n i t  by coax ia l  cab le ,  w h i l e  the remote c l u s t e r s  communicate 
w i t h  the  c o n t r o l  u n i t  over  the  LINK system, us ing  Comtech T-1-rate modems. 
The d i s p l a y  s t a t i o n s  a re  connected t o  the  c o n t r o l  s t a t i o n  through coax ia l  
' cable,  so t h a t  each c l u s t e r  shares one access p o i n t  t o  the  LINK system. F ig-  
u re  5 shows the  connect ion of the  ADAGE c l u s t e r s  t o  t h e i r  c e n t r a l  c o n t r o l  
u n i t s  through the LINK system. 
T r a f f i c  through t h e  LINK system from c o n t r o l  u n i t  to  remote c l u s t e r  i s  
po in t - to -po in t ,  us ing  a p a i r  o f  o r i g i n a t e  and answer f requenc ies  for  each 
remote c l u s t e r .  Thus, t he  ADAGE graph ics  f requenc ies  appear as p a l r s  of  l i n e s  
on the  inbound and outbound cab le  f requency a l l o c a t i o n s .  
Video Services 
Video i s  i n p u t  to the  LINK system from several  sources, i n c l u d i n g  Lewis- 
o r i g i n a t e d  broadcasts and s a t e l l i t e  broadcasts. 
t he  capabi 1 i t y  o f  pa tch ing  any o f  these s i g n a l s  or computer-generated images 
i n t o  the LINK system o u t p u t  cable.  
The v ideo  headend r o o m  has 
The LINK v ideo  system uses c u r r e n t l y  i n c l u d e  d i s t r i b u t i o n  o f  such Lewis- 
o r i g i n a t e d  programs as messages from the D i r e c t o r  and v i s i t i n g  d i g n i t a r i e s  and 
e x t e r n a l  programming rece ived  by s a t e l l i t e .  S a t e l l i t e  programming inc ludes  
te leconferences ,  s h u t t l e  f l i g h t s ,  and NASA-originated classes. The NASA Lewis 
NASCOM TOMA u p l i n k  f a c i l i t y  permi ts  o r i g i n a t i o n  o f  te leconferences  w i t h  o t h e r  
NASA centers .  
One outbound channel, channel 9, i s  used t o  d i s p l a y  computer-generated 
graph ics  o f  c u r r e n t  computer a v a i l a b i l i t y  and performance s t a t i s t i c s .  Another 
LINK system frequency has been used exper imen ta l l y  for  s e c u r i t y  t e l e v i s i o n .  
The v ideo  uses o f  the  network a re  represented i n  f i g u r e  3. 
I n s t a l l a t i o n  
I n s t a l l a t i o n  o f  the  LINK system began i n  J u l y  1980 when the  first l e n g t h  
of in-ground coax ia l  cab le  connected b u i l d i n g  86, which houses NASA Lewis '  
l a r g e s t  wind tunnel ,  and the  Research Ana lys is  Center, b u i l d i n g  142. 
The ac tua l  i n s t a l l a t i o n  o f  the  cab le  was done by c o n t r a c t o r ,  personnel 
f o l l o w i n g  the  design developed by the LINK p r o j e c t  team and personnel from 
M I T R E  Corpora t ion .  Both worked c l o s e l y  w i t h  NASA Lewis '  F a c i l i t i e s  Engineer- 
i n g  D i v i s i o n .  Phase I of  the  in-ground i n s t a l l a t i o n  was f i n i s h e d  i n  1981, and 
the  t o t a l  in-ground cab le  p l a n t  was completed by September 1983. 
A t  t he  same t ime t h a t  the in-ground t r u n k  system was being completed, 
o t h e r  work teams connected branches w i t h i n  NASA Lewis b u i l d i n g s  to  the  t r u n k  
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system. 
the sp r ing  of 1982, the  subsystems i n  b u i l d i n g  86 and the M a t e r i a l s  and Struc-  
t u res  Bu i l d ing ,  b u i l d i n g  49, were f i n i s h e d .  Along w i t h  the b u i l d i n g  subsystem 
e f f o r t ,  the p r o j e c t  team superv ised the  procurement and i n s t a l l a t i o n  o f  the 
hardware and software necessary t o  operate the cable system. 
The Research Ana lys is  Center subsystem was the f i r s t  completed. By 
The f i r s t  ope ra t i ona l  use o f  the  LINK system was i n  August 1982, and the 
gateways to  ex te rna l  systems opened i n  J u l y  1983. I n  1984, o t h e r  major f a c i l i -  
t i e s  were at tached t o  the  system, s a t e l l i t e  v ideo recep t ion  became common, and 
var ious  hardware upgrades were accomplished. Cur ren t l y ,  100 percent  o f  NASA 
Lewis b u i l d i n g s  are  served by a t runk  system connect ion w h i l e  the re  are  subsys- 
tems i n  90 percent  o f  the  b u i l d i n g s .  
The i n s t a l l a t i o n  was n o t  w i thou t  bo th  techn ica l  and a d m i n i s t r a t i v e  chal -  
lenges. Jus t  f i n d i n g  room for the  cable i n  crowded, underground ducts  was 
sometimes a problem, as was the task  of ensur ing  proper i n s t a l l a t i o n  o f  cables,  
a m p l i f i e r s ,  taps,  and o t h e r  equipment i n  such an ex tens ive  and wide-spread 
endeavor. 
Numerous p ieces of t e s t  equipment, i n c l u d i n g  s igna l  generators  and detec- 
Some o f  the a m p l i f i e r s  o r i g i n a l l y  speci-  t o r s ,  were acqui red for  t h i s  e f fo r t .  
f i e d  were inadequate for  the  i n t e r - b u i l d i n g  cable lengths requ i red  i n  some 
l o c a t i o n s  and had t o  be rep laced.  
systems for the LINK system. 
There w e r e  a l s o  problems w i t h  backup power 
I n i t i a l  budget ing for  the subsystem p r o j e c t  was an a d m i n i s t r a t i v e  problem 
t h a t  helped cause a l o g i s t i c a l  problem. The costs o f  i n s t a l l i n g  taps and out -  
l e t s  for  end-users were charged to  i n d i v i d u a l  NASA Lewis o rgan iza t i ons .  To 
c o n t r o l  costs ,  o rgan iza t i ons  had a minimum o f  connect ions made i n  t h e i r  b u i l d -  
ings .  When more connect ions became necessary as the  user base increased, 
con t rac to rs  would have t o  r e t u r n  t o  b u i l d i n g s ,  causing i n s t a l l a t i o n  delays,  
a d d i t i o n a l  costs ,  and inconvenience. Eventua l l y ,  budget-a1 l o c a t i o n  problems 
were reso lved,  and subsequent b u i l d i n g s  were i n i t i a l l y  equipped w i t h  complete 
subsystems. 
System Operat ion,  Support, and Management 
Since the LINK system i s  p r i m a r i l y  a medium for communications, no d a i l y ,  
c e n t r a l  ope ra t i ng  procedure i s  necessary. The LINK sys tem operates 24 h r  a 
day, 7 days a week, except d u r i n g  p e r i o d i c  maintenance. Downtime caused by 
problems can u s u a l l y  be l i m i t e d  t o  a s i n g l e  branch or b u i l d i n g  w i t h i n  the sys- 
tem. I s o l a t e d  downtime averages l e s s  than 10 min/month. 
The Telecommunications and Networking Branch i s  respons ib le  for the main- 
tenance o f  the LINK system, assurance o f  s igna l  q u a l i t y ,  and proper  ope ra t i on  
o f  the cable network. This  Branch was p r e v i o u s l y  i n  charge o f  procurement o f  
end equipment f o r  attachment to  the  LINK system, bu t  now standard works ta t ions  
and RF modems can be ob ta ined through the NASA Lewis Computer Store. 
The c o n f i g u r a t i o n  o f  SYTEK modems to  m e e t  the needs o f  t e rm ina l  users and 
the hand l ing  o f  t r o u b l e  c a l l s  ( u s u a l l y  the t r o u b l e  i s  t h a t  the  c o n f i g u r a t i o n  
parameter o f  a p a r t i c u l a r  i n t e r f a c e  u n i t  have been i n a d v e r t e n t l y  changed) i s  a 
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d a i l y  j o b  f o r  the Telecommunications and Networking Branch. 
t a i n s  an i nven to ry  o f  SYTEK PCUs and o t h e r  i n t e r f a c e  equipment by l o c a t i o n .  
The Branch main- 
When te rmina l  s need t o  be moved, the  Telecommunications and Networking 
The Branch a l s o  handles any o the r  ope ra t i ona l  
Branch ensures t h a t  the equlpment l o c a t i o n  i s  known and makes sure cable ou t -  
l e t s  are p r o p e r l y  terminated.  
problems, i n c l u d i n g  determin ing when i t  i s  necessary t o  b r i n g  i n  equipment for 
maintenance and the r e s o l u t i o n  o f  system-wide d i f f i c u l t i e s .  
T r a i n i n g  i s  a l s o  an on-going support  f unc t i on  fo r  the Telecommunications 
and Networking Branch. T r a i n i n g  classes which i nc lude  demonstrat ions and s l i d e  
presenta t ions  are a1 so the  responsi  b i  1 i t y  of Telecommunications and Networking 
Branch personnel .  As  a supplement t o  the  cu r ren t  user manual, a v ideo tape for  
computer te rm ina l  users i s  be ing developed. 
CONCLUDING REMARKS 
The LINK s y s t e m  usage i s  c u r r e n t l y  growing i n  a l l  a p p l i c a t i o n s .  Terminal 
use i s  expanding, as a re  the number o f  hosts  supported. To date,  the SYTEK 
user base has grown t o  n e a r l y  1000. A s t a t i s t i c a l  mon i to r  program has been 
developed and p laced i n  ope ra t i on  t o  a s s i s t  i n  p lann ing  for and c o n t r o l l i n g  
t h i s  growth. 
The a c q u i s i t i o n  o f  personal  computers and o f f i c e  automation equipment 
i nc reas ing  the demand f o r  f i l e - t r a n s f e r  services--both host - to-micro and m 
to-mi c ro .  
Two a p p l i c a t i o n s  o f  broadband e the rne t  now e x i s t  on the LINK system. 
LIMS o f f i c e  automat ion p r o j e c t  c u r r e n t l y  uses channels S and T as an i n t e r  
b u i l d i n g  backbone for i n t r a b u i l d i n g  works ta t ion  e thernets .  
i s  
cro- 
The 
The second appl i c a t i o n  has several  d i s t r i b u t e d  research area e thernets  
u t i l i z i n g  LINK channel 3 as a common backbone, throughout the  Center,  for  very  
h igh  speed (10 mb) data a c q u i s i t i o n  and d i s t r i b u t i o n  systems. 
Inbound gateways are now a v a i l a b l e ,  f o l l ow ing  the i n s t a l l a t i o n  o f  f r o n t -  
end i n t e l l i g e n t  sw i tch ing  equipment w i t h  s u f f i c i e n t  secur i  ty -check ing capab i l -  
i t y .  
data-communications requirements for t e s t  s i t e s .  New graphics te rm ina ls  a re  
be ing c o n t i n u a l l y  added. 
Da ta -acqu is i t i on  equipment c o n t i n u a l l y  improves and expands the  
The NASA-wide Program Support Communications Network (PSCN) i s  now con- 
nected to  the  LINK system, a1 low ing  t e l e n e t l t e l e m a i  1 f u n c t i o n s  for  a1 1 on-si  t e  
and o f f - s i t e  users.  
The LINK system has proven i t s e l f  a convenient,  f l e x i b l e  media which pro- 
This  a d a p t a b i l i t y  i s  a c r i t i c a l  
v ides r a p i d ,  f a c i l i t y - w i d e  responses to  the  changing data-communications and 
v ideo requirements o f  NASA Lewis. 
i n  t e r m s  o f  new a p p l i c a t i o n s  and v e r s a t i l i t y .  
asset  as NASA Lewis moves ahead to  m e e t  chal lenges i n  an environment o f  d i s -  
t r i b u t e d  research and development. 
I t  has a l s o  proved to be very cos t  e f f e c t i v e  
1 1  
LINK STATIST ICS 
Backbone Cab1 e 
Pr imary Backbone Cable ( I n t e r b u i l d i n g  o n l y )  
Backup Backbone Cable ( I n t e r b u i  l d i n g  o n l y )  
TOTAL MILES ( i n c l u d i n g  backup cable) 
System A m p l i f i e r s  
Inbound (User Transmit)  
Outbound ( U s e r  Receive) 
Longest Cascade 
D i s t r i b u t i o n  Amp1 i f i e r s  
TOTAL A m p l i f i e r s  
CONSTRUCTION COSTS 
Work Completed (FY81 through FY86) 
Number o f  B u i l d i n g s  Completed 
Total Floor Area (All Completed Buildings): 
Tota l  Cons t ruc t i on  Cos ts :  
Estimated Average Cost Per Square F o o t  
Number o f  O u t l e t s :  
Ca lcu la ted  Average Cost P e r  O u t l e t  
System To ta l  
59700' 
59700 I 
115800' or 21.9 m i l e s  
60 
28 
(14) 
33 
121 
-
22 
1,273,198 sq ft 
$924,100 
$0.74 
2,026 
$456 
SERVICES AVAILABLE 
5 TV Channels ( Inc ludes  Video B u l l e t i n  Board) 
32 High Speed T l  L inks (CAD/CAM and Experience F a c i l i t y  A p p l i c a t i o n s )  
Wang O f f i c e  Automation (0 .A . )  Network 
D i  s tr i buted O.A. and Sc i e n t i  f i c/Engi neer i ng Ethernets 
700 Asynchronous Terminal to  Host Connections 
Broadband M o n i t o r i n g  System 
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APPENDIX - LEWIS INFORMATION NETWORK 
The broadband coax ia l  cable system designed f o r  NASA Lewis i s  a dual ,  
75-L coax ia l  cable network w i t h  each cable cover ing  the 50 t o  300-MHz f r e -  
quency spectrum. The LINK system i s  used t o  support  computer te rmina l  communi- 
ca t ions ,  data a c q u i s i t i o n ,  v ideo,  and network ing a t  NASA Lewis. 
The backbone cable sys tem cons is t s  of two p a r a l l e l ,  u n i d i r e c t i o n a l  cables;  
one cable ( inbound) conveys i n fo rma t ion  toward the c e n t r a l  node o r  headend; 
the o t h e r  cable (outbound) conveys in fo rmat ion  i n  the oppos i te  d i r e c t i o n ,  away 
f rom the head end. A t  the  headend, s igna ls  a re  coupled f rom the inbound t o  
the  outbound to  pe rm i t  two-way communi ca t i on .  
The des ign o f  the  d i s t r i b u t i o n  networks i s  based on the use o f  cable t e l e -  
v i s i o n  (CATV) techniques. The networks have t r u n k  l i n e s  and subsystems t h a t  
i nc lude  a m p l i f i e r s ,  taps for dev ice access t o  the  coax ia l  cables,  and s p l i t -  
t e r s  t o  serve the  var ious  branches o f  the coax ia l  cable network. 
LINK SYSTEM PERFORMANCE REQUIREMENTS 
Table I summarizes the  s p e c i f i c a t i o n s  and performance requirements o f  the 
LINK system. A l l  s i gna l  l e v e l s  a re  r e f e r r e d  t o  the 6-MHz v ideo c a r r i e r  l e v e l  
over  a coax ia l  cable network w i t h  an impedance l e v e l  o f  75 L. 
FAA RESERVED FREQUENCIES 
A l l  r a d i o  f requency s igna ls  appear ing on the LINK sys tem comply w i t h  Fed- 
e r a l  A v i a t i o n  A d m i n i s t r a t i o n  s p e c i f i c a t i o n s .  
O f f s e t  Rules 
LINK c a r r i e r  s igna ls  and associated major s igna l  components a re  a minimum 
o f  200 kHz p l u s  the  abso lu te  va lue of the  to le rance o f  the c a r r i e r  genera t ing  
devices removed, i .e . ,  o f f se t  from t h e  nominal c a r r i e r  f requencies of  a l l  aero- 
n a u t i c a l  r a d i o  serv ices  t o  be pro tec ted .  
S ignal  components on the  LINK system a t  f requencies w i t h i n  200 kHz o f  any 
aeronaut ica l  f requency are  46 dB below the LINK system nominal ope ra t i ng  
l e v e l s .  
Aeronaut ica l  r a d i o  se rv i ce  f requencies t h a t  are p ro tec ted  i n  accordance 
w i t h  t h i s  s p e c i f i c a t i o n  i nc lude  a l l  f requencies l i s t e d  i n  t a b l e  I 1  and a l l  
o the r  f requencies used f o r  aeronaut ica l  r a d i o  serv ice  w i t h i n  60 n m i  o f  the 
LINK system. 
COMPONENT SPECIFICATIONS 
A l l  o f  the  pa r t s ,  equipment, and components i n t e g r a t e d  i n t o  the LINK sys- 
t e m  meet  or exceed the  s p e c i f i c a t i o n s  conta ined i n  t h i s  appendix. Inc luded 
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w i t h  each s p e c i f i c a t i o n  i s  an example of a p a r t i c u l a r  component t h a t  meets the 
de f i ned  s p e c i f i c a t i o n .  
L ine  Extender A m p l i f i e r ,  One-way, Manual Gain Cont ro l  
Push-pull l i n e  extender a m p l i f i e r s  are o f  modular c o n s t r u c t i o n  and housed 
The u n i t  i s  adequately weatherproofed to  i n  a rugged cast-aluminum enclosure.  
pe rm i t  outdoor i n s t a l l a t i o n  w i t h o u t  a d d i t i o n a l  p r o t e c t i o n .  The housing cover 
i s  hinged. Connections t o  the  a m p l i f i e r  are made w i t h  standard 518 by 24-in. 
threaded connectors. 
The a m p l i f i e r  has a minimum f u l l  g a i n  w i t h o u t  equa l i ze r ,  o f  28 dB a t  
30 MHz w i t h  a minimal manual ga in  c o n t r o l  range o f  8 dB and i s  equipped w i t h  a 
slope c o n t r o l .  For cross-modulat ion n o t  exceeding -57 dB, the  o u t p u t  capabi 1- 
i t y  i s  50 dBmV f o r  each o f  35 channels. The cross-modulat ion does n o t  exceed 
-63 dB w i t h  35 channels w i t h  46 dBmV ou tpu t  a t  320 MHz and 6 dB slope; the sec- 
ond o rde r  i n te rmodu la t i on  i s  -70 dB or b e t t e r .  Under i s  these c o n d i t i o n s  the 
t r i p l e  beat s h a l l  be -75 dB or l ess .  Frequency response i s  20 t o  320 MHz 
%0.5 dB. 
e r  a t  f u l l  ga in .  
t e m  a re  n o t  equipped w i t h  m i d - s p l i t  or s u b - s p l i t  f i l t e r s .  
800 mA maximum. 
power d i s p o s i t i o n  swi tch.  
The no ise  f i g u r e  does n o t  exceed 11.5 dB a t  320 MHz w i t h o u t  equa l i z -  
A m p l i f i e r s  used t o  upgrade or extend the e x i s t i n g  cab le  sys- 
The a m p l i f i e r  i s  cab le  powered from ac i n p u t  vo l tages  o f  46 t o  60 V a t  
The a m p l i f i e r  i nco rpo ra tes  b u i l t - i n  surge p r o t e c t i o n  and a 
Example: J e r r o l d  SLR-300 or equal .  
Example: J e r r o l d  JLE-6-450 ( f requenc ies  t o  400 MHz). 
Note: The s p e c i f i c a t i o n s  f o r  the  model JLR-6-450 d i f f e r  s l i g h t l y  from 
the JLE-SLR-300 s p e c i f i c a t i o n s  l i s t e d  above. 
A t t e n u a t i o n  Pad for  LE A m p l i f i e r  
P lug- in  a t t e n u a t i o n  pads designed for i n s t a l  l a t i o n  i n s i d e  the l i n e  
extender housing are prov ided i n  nominal values o f  3, 6, 9, and 12 dB. 
Example: J e r r o l d  SXP-X or equal .  
Trunk A m p l i f i e r ,  One-way, Manual Gain Cont ro l  
Push-pull t r u n k  a m p l i f i e r s  are of modular c o n s t r u c t i o n  and housed i n  a 
rugged cast-aluminum enclosure.  
m i t  i n s t a l l a t i o n  underground i n  manholes which may con ta in  h i g h  water l e v e l s .  
Connections t o  the t r u n k  a m p l i f i e r  are made w i t h  standard 5/8 by 24- in.  
threaded connectors. 
The un l  t i s  adequately weatherproofed to  per-  
The t r u n k  a m p l i f i e r  has a minimum f u l l  g a i n  o f  28 dB w i t h o u t  equa l i ze rs ,  
w i t h  a minimum manual ga in  c o n t r o l  range o f  9 dB. For cross-modulat ion no t  
exceeding -57 dB, the ou tpu t  c a p a b i l i t y  i s  to  be 48 dBmV fo r  each 35 chan- 
n e l s .  The cross-modulat ion does n o t  exceed -87 dB w i t h  35 channels w i t h  
33 dBmV ou tpu t  a t  300 MHz. The second o rde r  i n te rmodu la t i on  i s  -83 dB or 
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b e t t e r .  Under these cond i t ions- - the  t r i p l e  beat i s  -87 dB or b e t t e r .  Fre- 
quency response i s  20 t o  300 MHz %0.75 dB. 
7 dB a t  300 MHz w i t h o u t  equa l i ze rs  a t  f u l l  ga in .  
The no ise  f i g u r e  does n o t  exceed 
The a m p l i f i e r  i s  cab le  powered from ac i n p u t  vo l tages  from 46 t o  60 V. 
The a m p l i f i e r  i nco rpo ra tes  b u i l t - i n  surge p r o t e c t i o n  and a power d i s p o s i t i o n  
s w i  t ch .  
Example: J e r r o l d  Model SJ-4A or equal.  
Example: J e r r o l d  Model S J - 2 W 4 5 0  ( f requenc ies  to 400 MHz). 
Note: The s p e c i f i c a t i o n s  for  the  model SJ-2SS/450 d i f f e r  s l i g h t l y  from 
the SJ-4A s p e c i f i c a t i o n s  l i s t e d  above. 
A t t e n u a t i o n  Pad for  Trunk A m p l i f i e r  
P lug- in  a t t e n u a t i o n  pads designed for i n s t a l l a t i o n  i n s i d e  the  t r u n k  ampli- 
f i e r  housing p rov ide  for  nominal values of 3, 6, 9, 12, and 15 dBs. 
Example: J e r r o l d  Model SXP or equal. 
Power Passing Spl1 t t e r  and D i r e c t i o n  Coupler 
Signal  s p l i t t e r s  a re  housed i n  a rugged cast-aluminum housing, which i s  
weather and r a d i a t i o n  sh ie lded.  Connection to  the  u n i t  i s  by aluminum cab le  
connectors w i t h  standard 518 by  24-1 n. threads. 
S ignal  s p l i t t e r s  can accept a maximum c u r r e n t  o f  10 A. U n i t s  i nco rpo ra te  
Terminal match a t  any p o r t  i s  t o  be 
separate fuses for power d i s t r i b u t i o n  t o  each l e g .  Removal o f  the  fuses does 
n o t  i n t e r r u p t  the flow o f  RF s i g n a l .  
18 dB or b e t t e r .  Frequency passband i s  5 t o  400 MHz. U n i t s  are a v a i l a b l e  i n  
bo th  the  symmetrical s i g n a l  s p l i t t e r  and d i r e c t i o n a l  coup ler  c o n f i g u r a t i o n .  
The symmetrical s igna l  s p l i t t e r  has a maximum i n s e r t i o n  loss o f  4.4 dB 
and an i s o l a t i o n  between o u t p u t  p o r t s  o f  20 dB or greater. 
The 7-dB d i r e c t i o n a l  coup ler  has a maximum i n s e r t i o n  loss o f  2.5 dB and a 
between o u t p u t  p o r t s  s h a l l  be 20 dB or maximum tap  loss o f  7.8 dB. I s o l a t i o n  
g r e a t e r .  
The 12-dB d i r e c t i o n a l  coup ler  has 
a maximum tap  loss o f  12.8 dB. I s o l a t  
g r e a t e r .  
The th ree-outpu t  d i r e c t i o n a l  coup 
a maximum i n s e r t i o n  loss o f  1.5 dB and 
on between o u t p u t  p o r t s  i s  20 dB or 
e r  has one o u t p u t  w i t h  a maximum i n s e r -  
t i o n  loss of 4.4 dB and two ou tpu ts  w i t h  a maximum tap  loss o f  7.9 dB Nominal 
i s o l a t i o n  between ou tpu t  p o r t s  is 20 dB or grea te r .  
Example: J e r r o l d  Model SSP-3 Spl i t t e r  or equal.  
( 1 )  J e r r o l d  Model SSP-7 D i r e c t i o n a l  Coupler or equal.  
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( 2 )  Jerrold Model SSP-9 Directional Coupler or equal. 
(3) Jerrold Model SSP-12 Directional Coupler or equal. 
(4) Jerrold Model SSP-3-636 Splitter o r  equal. 
Interchangeable Broadband Directional Coupler Mu1 ti tap 
Mu1 ti taps are the eight-output directional coupler type. Taps are con- 
tained in a rugged cast-aluminum housing. 
Feeder line connections are made by aluminum cable connectors with 
5/8 by 24-in. threads. The center conductor connections are made by seizing 
with a screw. 
ally, terminating taps with 10-dB nominal isolation are supplied. Eight out- 
put taps have nominal isolation values of 35, 32, 29, 26, 23, 20, 17, and 14, 
and have nominal insertion losses of 0.8, 0.8, 0.8, 0.8, 0.9, 1.0, 1.6, and 
4.0 dB respectively. An additional terminating tap shall be furnished with 
10-dB isolation. Frequency response of all multitaps is from 5 to 450 MHz. 
Port-to-port isolation within the same unit is 20 dB from 5 to 300 MHz and 
greater than 30 dB from 20 t o  300 MHz. 
of the tap ports and are rated for at least 5 A .  
output ports i s  20 dB or greater. 
of 20 dB from 5 to 300 MHz. 
Tap connections are made by standard 'IF'' connectors. Addition- 
Taps are power-passing except at any 
Return loss o f  the tap ports is in excess 
Return loss at the input and 
Example: Jerrold FFT-8-Isolation or equal. 
Termi nat i ng Res i s tor 
Terminating resistors with 75 L impedance were installed at unused ports 
and feeder line ends. 
quency range from 5 t o  300 MHz with a minimum return loss of 30 dB over the 
VHF band. 
Termination resistors were designated t o  cover the fre- 
Examp 1 e : 
( 1 )  Jerrold Model TR-75F ( ' IF" Connector) o r  equal. 
(2) Jerrold Model STR-75C or equal. 
(3) Jerrold Model TR-75-FCW or equal. 
Amplifier Power Supply 
A remotelstandby power s u p p l y  for cable powering of amplifiers is pro- 
vided. The power supply is enclosed in a rugged, metal housing. 
Regulations of 2 percent are typical for input voltage changes of +10 per- 
Output voltage shall be 60 VAC with maxi- cent and load changes o f  75 percent. 
mum current of 12 A or greater. Surge protection shall be provided with a 
striking voltage of 145 V, nonpolarized. 
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The u n i t  i nco rpo ra tes  a t ime-delay r e l a y  t o  de lay  the  powering o f  the 
u n i t  t o  p r o t e c t  the CATV system from t r a n s i e n t  vo l tage  surges generated by the  
i n i t i a l  t u r n  on. The standby fea ture  i s  designed to conver t  21 t o  30 V dc 
power from a s e t  o f  b a t t e r i e s  to  a 60-V, square-wave ou tpu t .  Th is  o p e r a t i o n a l  
procedure w i l l  remain present u n t i l  t he  b a t t e r i e s  a re  discharged or u n t i l  t he  
ac i n p u t  r e t u r n s  to  the  "on" cyc le .  
Example: RMS E l e c t r o n i c s  Model PS-60130 or equal.  
Power Combiner 
Power combiners are housed i n  a rugged cast-aluminum case which i s  ade- 
qua te l y  weatherproof t o  pe rm i t  outdoor i n s t a l l a t i o n  and sh ie lded  aga ins t  r a d i a -  
t l o n .  
for  remote powering of a m p l i f i e r s .  
pass from 5 to  400 MHz w i t h  an impedance of 75 L a t  a l l  t e rm ina ls .  
t i o n  loss does n o t  exceed 0.4 dB. 
w i t h  a maximum c u r r e n t  o f  14 A on the  common leg. 
each o f  the  two o u t p u t  legs.  
The u n i t  s h a l l  i n s e r t  60 V ac from a power supply i n t o  a coax ia l  cab le  
The power combiner s h a l l  have an RF band- 
RF i n s e r -  
The u n i t  s h a l l  be fused on 
The u n i t  i s  r a t e d  t o  c a r r y  10 A on each l e g  
Example: RMS E l e c t r o n i c s  Model CA-3700 or equal.  
COAXIAL CABLE 
Trunk Cable Cons t ruc t i on  
The t r u n k  cable has a s o l i d  copper cen te r  conductor w i t h  a 0.111-in. O.D. 
i s  
With a nominal ou ts ide  cab le  d 
maximum p u l l i n g  f o r c e  o f  200 l b  and 
The nominal cab le  a t t e n u a t i o n  
D.C. loop r e s i s t a n c e  i s  1.23 L / lOOO 
75 L. 
Example: Comm/Scope Parameter 
and foam po lye thy lene d i e l e c t r i c .  
p ro tec ted  aga ins t  f l o o d i n g  by a b l a c k  po lye thy lene  j a c k e t .  
I t  has a s o l i d  aluminum sheath, which 
ameter o f  0.006 i n . ,  the t r u n k  cab le  
a minimum bending r a d i u s  o f  10 i n .  
s 1.31 db/100 ft a t  300 MHz, the  nom 
ft, and the re  i s  a nominal impedance 
I11 No. P-375-5003 or equal. 
has a 
na 1 
o f  
Flooded Trunk Cable Cons t ruc t i on  
The f looded t r u n k  cab le  has a s o l i d  center  conductor w i t h  a 0.111-in. 
O.D. and foam po lye thy lene d i e l e c t r i c .  
b l a c k  po lye thy lene j a c k e t .  
I t  has a s o l i d  aluminum sheath and a 
With a nominal ou ts ide  cable diameter o f  0.006 i n . ,  the f l ooded  t r u n k  
cab le  has a maximum p u l l i n g  f o r c e  of 200 l b  and a minimum bending r a d i u s  o f  
10 i n .  
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The nominal cable a t t e n u a t i o n  i s  1.31 dB1100 f t  a t  300 MHz, t he  nominal 
D.C. loop r e s i s t a n c e  i s  1.23 L/lOOO ft, and the re  i s  a nominal impedance o f  
75 L. 
Example: Comm/Scope Parameter I11 No. P-375-5OOJss or equal .  
Plenum Trunk Cable Cons t ruc t i on  
The plenum t r u n k  cab le  has a s o l i d  copper center  conductor w i t h  a 
0.109-in. O.D. and foam t e f l o n  d i e l e c t r i c .  I t  has a s o l i d  aluminum sheath and 
no j a c k e t .  
With a nominal o u t s i d e  cab le  diameter o f  0.006 i n . ,  the c a b l e ' s  nominal 
a t t e n u a t i o n  i s  2.0 dB/100 ft a t  400 MHz. There i s  a nominal impedance o f  75 L. 
Example: Comm/Scope No. 2311 or equal. 
RG 6/U Drop Cable Cons t ruc t i on  
The RG 6/U drop cab le  has a copper c l a d  s t e e l  cen ter  conductor w i t h  
0.040-in. O.D. and T4 foam po lye thy lene d i e l e c t r i c .  I t  has a sheath made o f  
aluminum, polypropylene, and aluminum f o i l  w i t h  an over lap ,  as w e l l  as an a lu -  
minum b r a i d  w i r e  sheath. The cab le  i s  j acke ted  w i t h  b l a c k  p o l y v i n y l  c h l o r i d e .  
With a nominal o u t s i d e  cab le  diameter of 0.272 i n . ,  t he  RG 6/U drop cable 
has a nominal a t t e n u a t i o n  o f  3.46 dB/100 f t  a t  300 MHz, a nominal D.C. loop 
r e s i s t a n c e  o f  46.1 L/1000 ft, and a nominal impedance o f  75 L. 
Example: Comm/Scope No. 2275 or equal .  
Coaxial  Cable Connector Cons t ruc t i on  
The coax ia l  cable connectors are so lde r less  w i t h  a 75-L impedance. They 
were designed for  the  s p e c i f i c  type of cable used i n  the LINK system. Sp l i ces  
are acceptable unless s p l i c e  connectors s p e c i f i c a l l y  designed for  the  purpose 
are a v a i l a b l e .  Connectors for 0.500-in. cable do n o t  have an i n t e g r a l  rad ia -  
/U cables are n o t  sp l l ced .  t i o n  sleeve, and RG 
Example: J e r r o  
Cab1 e 
d Model No. VSF-SOOSS, SC-5OOSS, F-5OOSS 0.500-in. 
Type: aluminum-sheath cable.  
LINK INTERFACE EQUIPMENT 
I n t e r f a c e  equipment connected t o  the LINK system must conform to  the f o l -  
low ing  s p e c i f i c a t i o n s :  
( 1 )  I n t e r f a c e s  demonstrate s a t i s f a c t o r y  ope ra t i on  w i t h  r e c e i v e  l e v e l  v a r i -  
a t i o n s  o f  -5 t o  +15 dBmV. 
y i e l d i n g  b i t  error r a t e s  o f  1 ~ 1 0 - ~ .  
S a t i s f a c t o r y  ope ra t i on  i s  de f i ned  as equipment 
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(2) Transmi t te r  spur ious ou tpu t  i s  to  be 46 dBmV below the  LINK sys tem 
nominal ope ra t i ng  l e v e l  for  each d i r e c t i o n  on the system. 
CATV NETWORK INSTALLATION REQUIREMENTS 
Codes, Standards, and S p e c i f i c a t i o n s  
I n  a d d i t i o n  to  meet ing the  requirements o f  the  c o n t r a c t  s p e c i f i c a t i o n s ,  
a l l  ma te r ia l  and equipment fu rn i shed  and a l l  work performed must conform t o  
the  app l i cab le  p o r t i o n s  o f  the  f o l l o w i n g  standards, codes, and s p e c i f i c a t i o n s :  
(1 )  Nat iona l  F i r e  P r o t e c t i o n  Assoc ia t ion :  (NFPA): 
NFPA No. 70-1981 Nat iona l  E l e c t r i c a l  Code 
(2) American Nat iona l  Standards I n s t i t u t e :  
C2-National E l e c t r i c a l  Safe ty  Code (1981) 
( 3 )  Federal Communications Commission: 
Pa r t  76, Subpart K 
Federal S p e c i f i c a t i o n s  
A l l  work was performed i n  accordance w i t h  f e d e r a l  and mun ic ipa l  laws, 
codes, regu la t i ons ,  and a l l  o the r  codes and ordinances app l i cab le .  
the  s ta ted  codes, r e g u l a t i o n s ,  and ordinances took precedence over  o t h e r  speci-  
f i c a t i o n s  i n  the event o f  a c o n f l i c t .  
Therefore 
Groundi ng 
Neut ra l  conductors, cable t roughs, condu i t ,  system components, cab ine ts ,  
and a l l  noncur ren t -car ry ing  m e t a l l i c  p a r t s  of the equipment a re  grounded i n  
accordance w i t h  NFPA 70-1981. 
p l i s h e d  by us ing  the e x i s t i n g  ground rod  or ground conductor l oca ted  i n  each 
manhole i n  accordance w i t h  NFPA 70-1981. 
I n  the  underground system, grounding was accom- 
Terminators 
A l l  branches o f  0.500-in. O.D. cable which do n o t  i nco rpo ra te  a te rmina t -  
i n g  m u l t i t a p  a t  t h e i r  end were terminated w i t h  a s u i t a b l e  t e r m i n a t i n g  r e s i s t o r  
i n c o r p o r a t i n g  ac power b lock ing  c a p a b i l i t y .  
w i  t h  75-L t e r m i  na tors  us ing  i n t e g r a l  'IF" f i t t i n g s .  
A l l  m u l t i t a p  p o r t s  were  terminated 
Conduit  System 
Any new condu i t  system which may be necessary w i l l  be separate and inde- 
pendent o f  a l l  o the r  systems. 
I n  those b u i l d i n g s  where f l u s h  mounted systems e x i s t ,  a l l  new work w i l l  
be flush-mounted. I n  those b u i l d i n g s  where surface-mounted systems e x i s t ,  a1 1 
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new work w i l l  be surface-mounted. The type o f  f l u s h  o r  surface-mounted system 
used (condu i t ,  metal sur face raceway, e t c . )  w i l l  depend on the  e x i s t i n g  system. 
Cable Mounting 
A l l  d i s t r i b u t i o n  cables n o t  i n s t a l l e d  i n  condu i t ,  cable t r a y s ,  or on mes- 
senger cable a re  supported w i t h  approved-type s t raps  o r  cable hangers. 
bending rad ius  o f  the d i s t r i b u t i o n  cables i s  n o t  t o  be l ess  than 10 i n .  A l l  
bends were made us ing  a t u b i n g  bender and care was taken t o  avo id  repea ted ly  
bending the cable a t  any p o i n t .  Caut ion was a l s o  exerc ised i n  o rde r  t o  pre- 
vent  excessive f l e x i n g  of  d i s t r i b u t i o n  cables when they were p u l l e d  through 
condui ts .  A l l  pene t ra t i ons  o f  f i r e w a l l s  were sealed w i t h  compounds approved 
for  t h i s  purpose. 
The 
Messenger Cable 
Messenger cable used fo r  cable support  i s  318  i n .  i n  diameter;  a re  seven- 
s t rand,  0 . 2 7 3  l b / f t  ga lvanized s t e e l ,  and have a break ing s t r e n g t h  o f  
11 500 l b .  
Coaxial  Cable--One-Half I nch  
The 0.5- in .  coax ia l  cable was i n s t a l l e d  accord ing t o  the f o l l o w i n g  
s p e c i f i c a t i o n s  : 
( 1 )  The rad ius  of  the  cable was mainta ined throughout i t s  e n t i r e  l eng th .  
( 2 )  The cable was no t  k inked o r  dimpled. 
( 3 )  The cable was secure ly  fastened t o  a r e e l  u n t i l  i t  was ready t o  be 
i n s t a l  l ed .  
( 4 )  The cable r e e l  was p laced so t h a t  the  cable p u l l e d  s t r a i g h t  from the  
center  o f  the r e e l  and n o t  an angle t o  reduce the p o s s i b i l i t y  o f  damage or 
k i n k i n g  caused by the cable con tac t i ng  the f l a n g e  of the r e e l .  
(5) The cable was p a i d  off  f rom r e e l s  so t h a t  the n a t u r a l  curve o f  the  
cable was maintained. 
(6) The maximum p u l l  force d i d  n o t  exceed 200 l b .  
( 7 )  The minimum i n s i d e  cable bending r a d i u s  was 10 i n .  
(8 )  Cable p u l l e y s  were used t o  insu re  t h a t  a rad ius  no s m a l l e r  than the  
manufacturer 's  recommended minimum bending r a d i u s  for the  cable i s  maintained. 
(9) The cable was inspected f o r  de fec ts  w h i l e  i t  was being i n s t a l l e d .  
Spl ices 
Excessive splicing of cables was avoided, but when cable splicing was 
required, splice connectors designed specifically for that purpose were used. 
In manholes, heat shrink tubing was placed over the splice connection. 
were not permitted on drop cables. 
Splices 
Cab 1 e I dent i f i cat i on 
At the outlet box and tap, tags were installed on the RG 6 / U  drop cable. 
Mith a heated air gun, clear, shrinkable, nonflammable tubing was placed over 
these tags. The tags identify the cable as inbound or outbound and show the 
room number that the cabled serves. For identification, a green tag was used 
to mark the outbound cable and a yellow tag was used for the inbound cable. 
Directional arrows were installed o n  the 0.5-in. primary inbound and out- 
bound cables. The arrows were placed on both sides of all components through 
which the cables pass. Yellow tags indicated the inbound cable, and green tags 
indicated the outbound cable. The outbound cable connector was placed on the 
top o r  left side of each outlet box. 
Electronic Components 
Ports on taps were installed vertically perpendicular to the finished 
floor. 
bracket, (e.g., Aberdeen 1020A or equal). 
Electronic components were attached t o  the messenger cable with a 
b . -  Rete p t ac 1 e s 
Receptacles were installed at power supply locations as needed. Except 
where codes o r  regulations dictated otherwise, 120-V power receptacles of the 
standard National Electric Manufacturers' Association (NEMA) parallel U-blade 
grounding type were used. All wiring was installed i n  accordance with the 
specifications o f  the National Electric Code. Where receptacles are located 
in areas subject to dampness, approved ground fault interrupting receptacles 
were used. Installed receptacles shall be fed from dedicated, independently 
protected circuits originating from the nearest lighting panel. 
Outside Cable Plant 
The outside cable plant included all wire and cable required t o  extend 
cable from the underground cable system in manholes t o  the first entrance cabi- 
net in a building. 
Conduit Preparation 
Empty ducts were cleaned prior to the installation of new cable. Ducts 
found to be obstructed by foreign material which cannot be removed shall be 
reported to the Government without delay. 
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Damage 
Any e x i s t i n g  cab le  damaged d u r i n g  i n s t a l l a t i o n  was r e p a i r e d  or rep laced.  
Some duc t  cable was under pressure and extreme care was exerc ised when work 
was done around or near them. 
Cable I n s t a l  l a t i o n  
Carefu l  c o n t r o l  was exerc ised i n  t h e  movement o f  cable r e e l s .  Where i t  
was necessary t o  r o l l  a r e e l  t o  a des i red  l o c a t i o n ,  i t  was r o l l e d  i n  t h e  d i r e c -  
t i o n  i n d i c a t e d  by t h e  arrows p a i n t e d  on the  r e e l  f langes .  The r e e l  was n o t  
p e r m i t t e d  to  t i l t .  A s u b s t a n t i a l  runway o f  heavy p lanks was employed where 
uneven ground c o n d i t i o n s  migh t  have caused t h e  r e e l  t o  t i l t .  Where i t  was nec- 
essary to  move a r e e l  of  cable w i t h  a c o n s t r u c t i o n  t r u c k ,  a cable r e e l  s l i n g  
or i t s  equal was used. 
Cable r e e l s  w e r e  s e t  up on the  same s i d e  o f  the  manhole as t h e  c o n d u i t  
s e c t i o n  i n  which t h e  cable was t o  be placed. The r e e l  was l e v e l e d  and prop- 
e r l y  a l i g n e d  w i t h  the  c o n d u i t  s e c t i o n  so t h a t  t h e  cable cou ld  be passed from 
the  t o p  o f  the  r e e l  i n  a l o n g  smooth bend i n t o  t h e  duc t  w i t h o u t  be ing  tw is ted .  
Under no circumstances was the  cable p u l l e d  from the  bottom o f  a r e e l .  
A cable feeder  gu ide o f  s u i t a b l e  dimensions was used between t h e  cable 
r e e l  and the  f a c e  o f  t h e  duc t  t o  p r o t e c t  the  cab le  and guide i t  i n t o  t h e  duc t  
as i t  came o f f  of  t h e  r e e l .  
Cables were l u b r i c a t e d  as they  came o f f  o f  t h e  r e e l  i n t o  t h e  cab le  feeder .  
The l u b r i c a n t  was approved for use w i t h  the  type  o f  i n s u l a t i o n  on t h e  cab le  
be ing p u l l e d .  A cable l u b r i c a t o r  was p laced around t h e  cable j u s t  ahead o f  
the  cable feeder  to  f a c i  1 i t a t e  proper  l u b r i c a t i o n .  
Soap l u b r i c a n t s  or l u b r i c a n t s  c o n t a i n i n g  soap are  d e f i n i t e l y  harmful  t o  
po lye thy lene sheathed cable.  A f t e r  t h e  cable was placed, the  exposed cable i n  
the  manholes was wiped c lean o f  cable l u b r i c a n t , w i t h  a c l o t h .  
The ends o f  a l l  ducts  i n t o  b u i l d i n g s  were sealed to  prevent  the  ent rance 
o f  fo re ign  m a t e r i a l ,  water,  or gas. 
Manhole Access Requirements 
Open f lames, torches,  l i g h t e d  c i g a r s ,  c i g a r e t t e s ,  or p ipes  were n o t  per-  
m i t t e d  near open manholes, i n t o  a cover or t e n t  over  a manhole opening, nor  
i n t o  a manhole even though t e s t s  i n d i c a t e d  t h a t  combustfble gases are  n o t  
present .  Only government approved l i g h t i n g  and h e a t i n g  equipment was used. 
The connect ion and d isconnect ion  o f  e l e c t r i c  l i g h t i n g  equipment i s  n o t  
permi t ted  i n  a manhole. 
Every manhole opened for the  f i r s t  t i m e  d u r i n g  t h e  day w i l l  be t e s t e d  by 
the  government t o  determine whether combust ib le gases are present .  A d d i t i o n a l  
t e s t s  were performed when r e q u i r e d  by the  C o n t r a c t i n g  O f f i c e r ' s  Representat ive 
(COR). Manholes were a l s o  t e s t e d  a f t e r  the  removal of water or duc t  p lugs  
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which cou ld  p o s s i b l y  have p e r m i t t e d  t h e  flow o f  gas i n t o  a manhole. 
gases were detected or suspected, t h e  manhole s h a l l  be v e n t i l a t e d  by f o r c e d  
f r e s h  a i r  equipment. 
Where 
Care was taken t o  prevent  damage to  t h e  e x i s t i n g  cables w h i l e  s e t t i n g  up 
the  p u l l i n g  apparatus or w h i l e  p l a c i n g  t o o l s  o f  any k i n d .  
stepped on by workers when they  were e n t e r i n g  or l e a v i n g  a manhole. 
care was taken w i t h  t h e  f i l l e d - t y p e  cables when the  temperature was below 
approx imate ly  35 O F .  
temperatures decrease, and t h e r e  i s  a p o s s i b i l i t y  o f  cable damage a t  tempera- 
t u r e s  near 0 O F .  
Cable was n o t  
Special  
Th is  type  cable becomes more d i f f i c u l t  to  work w i t h  as 
Water was removed from manholes be fore  work began and k e p t  o u t  u n t i l  work 
was completed. 
Cable Support i n  Manholes 
A l l  cab le and s tubs s h a l l  be supported on cable racks w i t h  hooks and insu- 
l a t o r s  u s i n g  e x i s t i n g  or new "T"  s l a t s  and racks.  
arranged i n  the manholes t o  fo l low a c c e s s i b i l i t y  to  the  cable s p l i c e s .  
Cables and stubs were 
Spl i c i n g  
S p l i c e s  were n o t  p laced or p u l l e d  i n t o  the duc t  (duc t  s p l i c e s ) ,  b u t  were 
p o s i t i o n e d  w i t h i n  the  manholes. When i t  was necessary to  leave a s p l i c e  open 
for  a s h o r t  p e r i o d  or when a temporary s p l i c e  was made, the  s p l i c e  was sealed 
and t r e a t e d  i n  a manner which p r o t e c t e d  t h e  s p l i c e  from mois tu re  and damage. 
Cable ends were k e p t  sealed a t  a l l  t imes. 
I d e n t i f i c a t i o n  i n  Manholes 
Cables were permanently i d e n t i f i e d  w i t h  lead, s t a i n l e s s  s t e e l ,  or brass 
tags.  
duct  i n  each manhole and cab ine t .  Tags w e r e  stamped w i t h  the cab le  i d e n t i f i c a -  
t i o n  i n  1/2- in .  characters .  I d e n t i f i c a t i o n  inc luded cable number and p a i r  
count  . 
Tags were p laced on each cable as they entered and l e f t  t h e  assigned 
SYSTEM TESTING 
Test Equipment 
The f o l l o w i n g  t e s t  equipment was used t o  per form the  o p e r a t i o n a l  t e s t s  
descr ibed i n  t h i s  appendix. 
( 1 )  Sweep generator  ( t r a n s m i t t e r )  
- Range: 1 to  450 i n  200 kHz steps; maximum sweep width--400 MHz 
- Frequency c o n t r o l :  Sweep F1 to  F2 or CW 
- Accuracy: (Sweep or CW) 1 percent  o f  swept band %25 kHz 
- Output ampl i tude:  Ad jus tab le  from +50 t o  +60 dBmV i n  0.1 dB 
increments 
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- Output f l a t n e s s :  %0.25 dB over  f requency range 
- Model: Wavetek 18558 or equal 
(2) Sweep generator  ( r e c e i v e r )  
- S e n s i t i v i t y :  
- Impedance: 75 L 
- Disp lay :  5- in .  d iagonal  , elect romagnet ic ;  Type: r a s t e r  scan, 
re f reshed;  G r a t i c u l e :  8 d i v  by 10 d i v  
- Frequency accuracy: %25 kHz over  a s i n g l e  channel; 1 percent  o f  
swept band 
- Level accuracy: %0.5 dB 
- Resolut ion:  0.01 dB 
- Model: Wavetek, 18658 or equa 
-10 t o  60 dBmV 
(3)  S ignal  l e v e l  meter 
- Range: 
- Accuracy: %1 dB (VHF and Super) 
- Frequency c a l i b r a t i o n :  %1 .O percent  (VHF);  161.5 percent  (Super) 
- I n p u t  impedance: 75 L 
- Model: Sadelco FS-3DVS or equal 
54 t o  216 MHz (VHF) ,  2 6 to  450 MHz (Super) 
( 4 )  Signal generator  
- Frequency range: 1 to  500 MHz 
- Frequency d i a l  c a l i b r a t l o n :  10 MHz1div 
- Frequency accuracy: 
- Output impedance: 75 L 
- Output f l a t n e s s :  %0.25 dB 
- Output accuracy: %0.50 dB 
- Output ampl i tude: 
- Output a t t e n u a t i o n :  
- Sweep t i m e :  v a r i a b l e  10 t o  100 msec; 1 to  100 sec 
- Model: Wavetek 1801 or equal 
10 MHz or 2 percent  o f  f requency se lec ted  
+57 dBmV, 0.7 Vrms (maximum) 
a d j u s t a b l e  from +57 to  -33 dBmV 
(5) Camera1Bezel 
- Type: P o l a r o i d  
- Shut te r  speed range: manual s e t  to  11125 sec 
- F-stop range: 
- Hood: s ized t o  f i t  5- in .  CRT 
- Model: Wavetek C1 or equal 
3.5 to  32 
(6)  C a l i b r a t e d  antenna w i t h  p r e a m p l i f i c a t i o n  Wavetek RD-1 or equal 
(7) F i l m  
Operat i onal  Tests 
Tap, o u t l e t ,  system i n t e g r i t y ,  and r a d i a t i o n  t e s t s  were performed t o  
v e r i f y  t h e  performance requirements l i s t e d  i n  s e c t i o n  1.0 o f  t h i s  appendix. 
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A f t e r  the coax ia l  c a b l e / e l e c t r o n i c  component i n s t a l l a t i o n  was complete, 
and p r i o r  t o  t e s t i n g ,  a l l  a m p l i f i e r s  were s e t  up and a l i g n e d  i n  accordance 
w i t h  the cable system design. 
System t e s t i n g  was performed i n  the presence o f  the  COR and/or a represen- 
t a t i v e  o f  the Telecommunications and Networking Branch. 
done w i thout  p r i o r  approval  of the  COR. 
No system t e s t i n g  was 
Tap Test 
A sweep generator  t r a n s m i t t e r ,  r e c e i v e r ,  camera, and f i l m  were prov ided 
t o  per form the tap  t e s t .  
Outbound 
The sweep generator  t r a n s m i t t e r  was connected to  the  ou tpu t  o f  the  ou t -  
The t r a n s m i t t e r  was s e t  to  sweep bound l i n e  extender a m p l i f i e r  (JLE model). 
between 50 and 300 M H z ,  o r  the  h ighes t  system frequency supported by the  LINK 
w i t h  an ou tpu t  o f  48 dBmV. 
The frequency response a t  the l a s t  tap  on each outbound l e g  o f  the d i s t r i -  
b u t i o n  cable was measured w i t h  the  sweep generator  r e c e i v e r  and recorded on 
f i l m .  
I n  bound 
The t r a n s m i t t e r  was connected t o  the  l a s t  t ap  on each inbound l e g  o f  the 
d i s t r i b u t i o n  cable and the t r a n s m i t t e r  was s e t  between 50 and 300 M H z ,  (or the  
h ighes t  f requency supported by the  LINK system), w i t h  an ou tpu t  o f  55 dBmV. 
The corresponding frequency response a t  the inbound t e s t  p o r t  o f  the 
inbound a m p l i f i e r  was measured w i t h  the r e c e i v e r  and recorded on f i l m .  
A f t e r  a t a p  was t e s t e d ,  the  record  p i c t u r e  was scaled,  and t h e  b u i l d i n g  
number, t ap  number, inbound/outbound, and date placed on the back. The p i c -  
t u res  were turned over to  the COR and/or a rep resen ta t i ve  o f  the Telecommunica- 
t i o n s  and Networking Branch. The government reviewed the record  p i c t u r e s  a t  
the j o b  s i t e .  
were acceptable t o  the government. 
O u t l e t  t e s t i n g  d i d  n o t  begin u n t i l  the r e s u l t s  o f  the tap  t e s t s  
O u t l e t  T e s t  
A sweep generator t r a n s m i t t e r ,  r e c e i v e r ,  camera, and f i l m  were p rov ided 
t o  per form the o u t l e t  t e s t .  
Out bound 
The sweep generator t r a n s m i t t e r  was connected to  the  ou tpu t  o f  t he  ou t -  
bound JLE. The sweep generator  was s e t  t o  sweep between 50 and 300 M H z  (or 
h ighes t  frequency supported by the LINK system) w i t h  an ou tpu t  o f  48 dBmV. 
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The r e c e i v e r  was connected to  the  f a r t h e s t  o u t l e t  on each l e g  t o  reco rd  the 
f requency response a t  t h a t  p o i n t .  
I n bound 
A s i m i l a r  measurement was made for  the  pr imary  inbound cable.  The sweep 
generator  t r a n s m i t t e r  was connected i n t o  the  l a s t  o u t l e t  on each inbound l e g  
o f  the  d i s t r i b u t i o n  cable and s e t  t o  sweep between 50 and 300 MHz (or h ighes t  
f requency supported by the  LINK) w i t h  an ou tpu t  of 56 dBmV. 
The corresponding frequency response a t  the  inbound t e s t  p o r t  o f  the  
inbound a m p l i f i e r  was measured and recorded on f i l m .  
over  to  the  COR and/or a rep resen ta t i ve  o f  the Telecommunications and Network- 
i n g  Branch. 
A l l  r e s u l t s  were tu rned 
System I n t e g r i t y  T e s t  
A sweep generator t r a n s m i t t e r  and r e c e i v e r  were prov ided t o  t e s t  each 
i n s t a l l e d  CATV o u t l e t  t o  v e r i f y  t o t a l  system i n t e g r i t y .  
Out bound 
The t r a n s m i t t e r  was s e t  to  the  corresponding l e v e l  o f  the  
f i e r  and connected to  the  outbound a m p l i f i e r  ou tpu t  p o r t .  The 
s e t  to  sweep between 50 and 300 MHz, (or the  h ighes t  f requency 
the  LINK system). The r e c e i v e r  was connected t o  each CATV o u t  
e s t  and lowest  s igna l  l e v e l  readings w e r e  recorded. 
outbound ampl i -  
t r a n s m i t t e r  was 
supported by 
e t  and the  high- 
Inbound 
The t r a n s m i t t e r  l e v e l  was s e t  t o  56 dBmV and the sweep was s e t  between 50 
and 300 MHz (or h ighes t  f requency supported by the LINK system). 
t e r  was connected to the  inbound p o r t  o f  the  CATV o u t l e t .  
connected a t  the  i n p u t  o f  the  inbound t r u n k  a m p l i f i e r ;  the lowest  and h ighes t  
s igna l  readings were recorded and tu rned over t o  the COR and/or a representa- 
t i v e  o f  the Telecommunications and Networking Branch. 
The t ransmi t -  
The r e c e i v e r  was 
Rad i a t  i on Leakage T e s t  
Measurements were made t o  determine the  f i e l d  s t reng th  o f  r a d i o  f requency 
energy r a d i a t e d  by the LINK system. 
appendix was used i n  combinat ion w i t h  the c a l i b r a t e d  d i p o l e  antenna a l s o  speci-  
f i e d  i n  t h i s  appendix t o  prov ide  f i e l d  s t reng th  measurements i n  the 0 t o  20 UV 
range a t  the s p e c i f i e d  f requency ranges o f  t a b l e  I. 
The s igna l  l e v e l  m e t e r  s p e c i f i e d  i n  t h i s  
A s e t  o f  th ree  marker CW s igna ls  were in t roduced i n t o  the LINK system 
us ing  the techniques and l e v e l s  s p e c i f i e d  for the  System I n t e g r i t y  T e s t .  F r e -  
quencies were chosen t h a t  were approx imate ly  centered on the bands to be tes ted  
i n  t a b l e  I whi le  p r o t e c t i n g  the reserved aeronaut ica l  f requencies i n  t a b l e  11. 
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The center of the dipole antenna was placed at a distance of 10 ft from 
each system component. 
axis and the maximum readlng was used t o  determine system compliance. 
LINK system was brought into compliance with the specifications o f  table I. 
The horizontal dipole was rotated about a vertical 
The 
Sample Termination 
Prior to starting work, each individual involved in the actual CATV 
installation had t o  demonstrate t o  the COR and/or a representative of the 
Telecommunications and Networking Branch the technical capability to make 
acceptable CATV cable terminations consisting of straight-pin, direct-entry, 
angle, and cable-to-cab1 e type connectors. 
TABLE I. - LINK BROADBAND COMMUNICATION SPECIFICATIONS 
Carrier-to-noise r a t i o ,  forward . . . . . . . . . . .  
Carrier-to-noise r a t i o ,  r e t u r n  . . . . . . . . . . .  
P-P hum t o  peak c a r r i e r  r a t i o  . . . . . . . . . . . .  
Peak-to-valley response, f u l l  system . . . . . . . .  
Peak-to-valley response, n -ampl i f ie r  . . . . . . . .  
Peak-to-valley response, any 6 MHr channel . . . . .  
Car r ie r - to  second order beat r a t i o  . . . . . . . . .  
Carrier-to-composite t r i p l e  beat r a t i o  . . . . . . .  
Out le t  receive l eve l ,  nominal . . . . . . . . . . . .  
Tap receive l eve l ,  min. . . . . . . . . . . . . . . .  
(Th is  assumes a 2 dB drop cable loss . )  
Radiat ion (measured w i t h  a tuned d ipo le )  
5 t o  54 MHr (measured a t  100 f t )  . . . . . . . . . .  
54 t o  216 MHz (measured a t  100 f t )  . . . . . . . . .  
216 t o  400 MHz (measured a t  100 f t )  . . . . . . . . .  
Forward path loss,  nominal . . . . . . . . . . . . .  
Return path loss ,  nominal . . . . . . . . . . . . . .  
Headend processor t ransn i  t l e v e l ,  nominal . . . . . .  
Headend processor rece ive  l e v e l ,  nominal . . . . . .  
Out le t  t ransmit  l e v e l  (TV v i sua l  c a r r i e r  level-VCL) . 
Out le t  t ransmit  l e v e l  (Oata c a r r i e r  level-DCL) . . .  
(Where N = number o f  subcarr iers.)  
. . . . . . . .  243 dB . . . . . . . .  640 dB . . . . . .  < 3  percent . . . . . . . .  23.5 dB . . . . . .  l + n / l O d B  . . . . . . . . .  +1 dB 
56 dB below Ref c a r r i e r  
48 dB below Ref c a r r i e r  . . . . .  +6 dBmV 23 dB . . . . .  +8 dBmV 23 dB 
. . . . . . .  515 pV/m . . . . . . .  ~ 2 0  pV/m . . . . . . .  515 pV/m . . . . . . . . .  50 dB . . . . . . . . .  46 dB . . . .  +56 dBmV 21 dB . . . .  +10 d h V  23 dB . . . .  +56 dBmV +1 dB - DCL = VCL - 10 Log N 
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TABLE 11. - FAA RESERVED FREQUENCIES FOR 
CLEVELAND HOPKINS AREA 
[The restricted frequencies which follow 
are valid for both the inbound and out- 
bound cables o f  the LINK system. Under 
no ci rcumstances are RF signals trans- 
mitted within this group o f  selected 
frequencies . I 
Frequency, 
MHz 
CATV channel 
109 .goo 
110.400 
110.700 
111.900 
1 18.150 
118.900 
120.900 
121 .goo 
121.700 
121.800 
122.100 
122.200 
122.350 
124.000 
124.300 
124.350 
124.500 
125.050 
125.200 
125.359 
125.700 
125.850 
126.550 
127.500 
127.850 
132.250 
132.400 
133.375 
1 34.900 
135.100 
156.800 
243 .OOO 
255.400 
257.800 
330.200 
331.100 
333.800 
335.000 
360.600 
A2 Block 2 
A2 Block 3 
A2 Block 3 
A2 Block 4 
A1 Block 5 
A1 Block 5 
A Block 1 
A Block 2 
A Block 2 
A Block 2 
A Block 3 
A Block 3 
A Block 4 
A Block 5 
A Block 5 
A Block 5 
A Block 5 
A Block 6 
A Block 6 
A Block 6 
A Block 6 
A Block 6 
B Block 1 
B Block 2 
B Block 3 
C Block 1 
C Block 1 
C Block 2 
C Block 3 
C Block 4 
G Block 1 
N Block 4 
P Block 4 
P Block 6 
~~~ ~ 
Function 
Local i zer 
Vot 
Local i zer 
Local i zer 
Communications 
Communications 
Communications 
Maximum reserve 
Communi cations 
Communications 
Communi cations 
Communications 
Communi cations 
Communications 
Communications 
Communications 
Communications 
Communi cations 
Communi cations 
Communi cations 
Communications 
Communi cations 
Communications 
Communications 
Communi cations 
Communi cations 
Communications 
Communications 
Communi cations 
Communications 
Communications 
Communi cations 
Communications 
Communications 
Glide slope 
Glide slope 
Glide slope 
Glide slope 
Communications 
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LEWIS INFORMATION NETWORK (LINK) 
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